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FULL MATERIALS AND METHODS 21	

Sequence selection and alignment 22	

The analyses described in the study are based on the full-genome sequences of 33 MAYV isolates 23	

obtained from the GenBank database (https://www.ncbi.nlm.nih.gov/genbank/). Full-genome GenBank 24	

accession numbers, MAYV isolates names, internal IDs (renamed for convenience), geographical location, 25	

source, and year associated with isolation are reported in Table S1. Full-genome sequences, fragments of 26	

the genome corresponding to recombinant regions, and each major gene region (NSP1, NSP2, NSP3, 27	

NSP4, capsid, E3, E2, E1) of MAYV were aligned using the MUSCLE algorithm implemented in MEGA7 28	

(available from http://www.megasoftware.net/) and manually edited to codon-based nucleotide alignments 29	

1-3. Alignments are available upon request.  30	

Detection of recombination 31	

The presence of conflicting phylogenetic signals (i.e. distinct tree topologies compatible with the same set 32	

of aligned sequences) in the MAYV full genome data set was investigated, first, by inferring networks 33	

using split decomposition, neighbor-net, consensus network and super networks methods 4,5, implemented 34	

in SplitsTree44 (available from http://www.splitstree.org/). Significant presence of recombination signal was 35	

then assessed with the pairwise homoplasy index (Phi) test5 in SplitsTree4. Identification of putative 36	

recombinant strains, potential parental sequences, and associated breakpoints were performed using the 37	

RDP, GENECONV, BootScan, MaxChi, CHIMAERA, SIScan, and 3Seq algorithms implemented in the 38	

RDP46 software (available from http://web.cbio.uct.ac.za/~darren/rdp.html). Statistical evidence of 39	

recombination was indicated by p-values < 0.05. Default settings were used with linear genome 40	

specification 6. Recombination events were considered as such if supported by at least six of the seven 41	

algorithms used. Recombination plots were drawn with RDP and bootscanning, implemented in RDP4 and 42	

Simplot (available from http://sray.med.som.jhmi.edu/SCRoftware/simplot/)7. Two recombination events 43	

were detected and RDP4 was also used to infer the genomic location of the recombination breakpoints. 44	

The 99% confidence interval (CI) for the first recombinant breakpoint at the 5’ region included nucleotide 45	

(nt) positions 113 - 129; however, the actual breakpoint was undetermined, likely because the 46	
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recombination event was shared by two strains. We, therefore, approximated the breakpoint at position 47	

97, the mean of the CI. The same indeterminacy was observed for the beginning of the second 48	

recombinant fragment at the 3’ region, with 99% CI including nts 10,788 - 10,912, the mean being position 49	

10,850. 50	

Phylogenetic signal and ML phylogeny inference 51	

Evaluation of the presence of phylogenetic signal satisfying resolved phylogenetic relationships among 52	

MAYV isolated sequences was performed for full genomes, individual genes, and recombinant regions 53	

using IQ-TREE (available from http://www.iqtree.org/), allowing the software to search for all possible 54	

quartets using the best-fitting nucleotide substitution model (Table S2) 8. Substitution saturation, which 55	

decreases the phylogenetic information contained in the sequences, was assessed using DAMBE6 56	

(available from http://dambe.bio.uottawa.ca/DAMBE/)9 (Figure S7). ML tree reconstruction was performed 57	

in IQ-TREE based on the best-fit model chosen according to Bayesian Information Criterion (BIC) 10,11.  58	

Even though the concatenation of sequences from multiple genes is often used in the estimation of the 59	

“species” tree, this approach can lead to poor inference of past population dynamics 12 due to varying 60	

selective forces on the different regions within the genome. The incorporation of multiple loci in the 61	

coalescent framework has been shown to yield more precise and less biased estimates of past population 62	

dynamics, especially during time periods for which single locus data are not very informative 13, Therefore, 63	

we allowed for varying evolution of each gene independently according to potentially unique patterns of 64	

substitution and distinct evolutionary rates. In order to do so, the full genome and non-recombinant regions 65	

were partitioned into 11 regions corresponding to each gene and non-coding sequence (non-coding nt 66	

region 1= 1-36; NSP1= 37-1,644; NSP2 =1,645-4,038; NSP3 = 4,039-5,511; NSP4 = 5,512-7,365; non-67	

coding region 2 = 7,366-7,424; CP = 7,366-8,198; E3 = 8,199-8,396; E2 = 8,397-9,665; 6k = 9,666-9,845; 68	

E1 = 9,846-11,153). Statistical robustness for internal branching order in the phylogeny was assessed by 69	

local- and single-branch standard, non-parametric bootstrapping (BS) (1,000 replicates), and Shimodaira–70	

Hasegawa-like approximate likelihood ratio test (SH-aLRT) (1,000 replicates) 10,14,15. Strong statistical 71	

support along the branches was defined as local and/or standard non-parametric BS>75% or SH-72	
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aLRT>0.99, whereas very strong statistical support was defined as local or/and standard non-parametric 73	

BS>75% and SH-aLRT>0.99. 74	

Selection analysis  75	

Analyses were performed on the five genomic regions individually: nucleotides (nts) 1-96 and 10850-76	

11151, corresponding to the recombinant regions obtained from the first recombination event; nts 133-77	

929, corresponding to the second recombination event; and the two non-recombinant regions (nts 97-132 78	

and 930-10,849). Full-length genes were also analyzed, with the exception of E1 gene, for which the 5’ 79	

nucleotide region overlaps with the 5’ region of alternatively spliced TransFrame protein-coding gene, 80	

located at position 9,808-9,890. This region was removed from the gene-specific alignment 16.  81	

The HyPhy 17 algorithms implemented in the Adaptive Evolution Server (http://www.datamonkey.org/) were 82	

used to estimate the ratio (ω) of non-synonymous (dN) to synonymous (dS) substitution rates for each 83	

codon, with ω<0 indicating purifying, or negative, selection and ω >0 indicating diversifying, or positive, 84	

selection 18. The following selection analyses were conducted according to the best-fit substitution model, 85	

also determined within the Server: adaptive branch-site random effects likelihood (aBSREL)19 model for 86	

the detection of lineage-specific selection, fast unconstrained Bayesian approximation (FUBAR)20 for 87	

inferring site-specific pervasive selection, Bayesian unrestricted test for episodic diversifying selection 88	

(BUSTED)21 across the region of interest, and the mixed effects model of evolution (MEME) to identify 89	

episodic selection at individual sites 22. Sites were considered to have experienced statistically significant 90	

positive or negative selection based on the following cut-offs: LRT p ≤ 0.05 for BUSTED and aBSREL and 91	

posterior probability (PP) > 0.90 for FUBAR, and LRT ≤ 0.05 for MEME.  Because inference of diversifying 92	

selection can be misled by the incorporation of recombinant sequences 23,24, the recombinant segments for 93	

each of these two genes were analyzed separately for each selection model, with the exception of MEME, 94	

which has shown to be robust to the presence of recombination 22 . Co-evolving codon sites in the 95	

recombinant proteins NSP1 and E1 were identified using the Bayesian graphical model (“Spidermonkey”), 96	

also implemented in the Adaptive Evolution Server, which identifies conditional co-evolutionary 97	
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dependencies from reconstructed substitutions at each branch/site combination 25. Pairs of interactions 98	

with PP>0.5 were considered co-evolving with statistical significance. 99	

Codon usage analysis  100	

The codon adaption index (CAI) was determined in order to evaluate the relative adaptability of the codon 101	

usage of a gene towards that of highly expressed genes within a given host 26. The CAI values of MAYV 102	

genomes were analyzed in the context of the following: Homo sapiens as host, Ixodes Pararicinus and 103	

Saimiri sciureus as potential natural reservoirs; and Aedes aegypti, Aedes albopictus, Culex pipiens 104	

pipiens, and Culex pipiens quinquefasciatus as potential urban vectors. The codon usage of MAYV in the 105	

context of its principal source of isolation, Haemagogus janthinomys, and specific to the Ixodes spp. of tick 106	

belonging to the northern region of Brazil (I. paránaensis, loricatus, boliviensis, and affinis) was not 107	

available; therefore, we based our analysis on the codon usage of I. pararicinus, known as the "South 108	

American cattle tick", distributed in the temperate and sub-tropical regions of southern Brazil, Uruguay, 109	

and Argentina27,28.The codon usage tables were downloaded individually for each organism tested from 110	

the codon usage database (http://www.kazusa.or.jp/codon/) in NCBI-GenBank Flat File format (Release 111	

160.0 June 15 2007) and manually edited in order to be added to the local database in DAMBE6, allowing 112	

calculation of the CAI values within DAMBE6 9. 113	

Bayesian coalescent inference 114	

The presence of temporal signal in each data set was assessed using TempEst v1.5 (available from 115	

http://tree.bio.ed.ac.uk/software/tempest/) 29 (Figure S5). Tree reconstruction, using molecular clock 116	

dating, of MAYV full-genome and genomic fragments corresponding to the non-recombinant regions (97-117	

132 nt plus 930-10,849 nt) was performed with the Bayesian coalescent framework implemented in the 118	

BEAST v1.8.3 software package (http://beast.bio.ed.ac.uk/) 30,31. Depending on the genomic region 119	

analyzed, Markov chain Monte Carlo (MCMC) samplers were run for 100, 200 or 500 million generations 120	

to achieve proper mixing of the Markov chain. Proper mixing of the MCMC was evaluated by calculating 121	

the Effective Sampling Size (ESS) of the parameter estimates with TRACER v1.6 in the BEAST package. 122	

ESS >200 (after 10% a burn-in) were considered robust. The HKY substitution model 32 was used with 123	
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empirical base frequencies and gamma distribution of site-specific rate heterogeneity. The constant size 124	

demographic model was tested against the Bayesian Skygrid (BSG) 13 or Bayesian Skyline Plot (BSP) 33, 125	

the latter two models corresponding to partitioned (BSG) or non-partitioned sequence alignments (BSP), in 126	

order to rule out spurious changes in effective population size inferred by a non-parametric model that 127	

would in turn impact timing of divergence events 34. Additionally, for each demographic model, we 128	

assessed the fit of the strict and relaxed, uncorrelated (lognormal distribution among branches) molecular 129	

clock models. The choice of dataset partitioning was dictated by differences observed in tree topology 130	

during ML reconstruction of the different genes and because the partitioning method allows each gene and 131	

non-coding sequence to evolve according to its own substitution model and evolutionary rate, improving 132	

the estimation of past population dynamics, while still maintaining the underlying phylogenetic tree 133	

topology by linking the trees 13. Marginal likelihood estimates (MLE) for Bayesian model testing were 134	

obtained using path sampling (PS) and stepping-stone sampling (SS) methods 31,35. The strength of 135	

evidence against the null hypothesis (H0) was evaluated via MLE comparison with the more complex 136	

model (HA), referred to as the Bayes Factor (BF), wherein lnBF<2 indicates no evidence against H0; 2–6 - 137	

weak evidence; 6–10 - strong evidence, and >10 indicates very strong evidence 36. When comparing 138	

nested models, the best-fitting model chosen for Bayesian phylogenetic and phylogeographic inferences 139	

(see next section) was the BSG demographic model with a strict molecular clock (Table S3). The posterior 140	

sampled trees were summarized within the maximum clade credibility (MCC) tree, which was identified 141	

using TreeAnnotator v1.8.3 in the BEAST package, specifying a burn-in of 10% and median node heights 142	

31. Trees were edited graphically in FigTree v1.4.2 (available from http://tree.bio.ed.ac.uk/software/figtree/) 143	

and DensiTree v2 (available from https://www.cs.auckland.ac.nz/~remco/DensiTree/), and later in 144	

PowerPoint (Microsoft) for publication purposes. Nodes with PP ≥ 0.99 were considered to be evidence of 145	

statistically significant phylogenetic relationships 31,37. Xml files are available upon request. 146	

Bayesian phylogeography analysis 147	

Bayesian phylogeography analysis was performed with BEAST 30 using a discrete trait, asymmetric 148	

transition (migration) model with the strict molecular clock, non-parametric demographic (BSG), and 149	

Bayesian stochastic search variable selection (BSSVS) models. Discrete MCC tree data were merged with 150	
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user-specified longitude and latitude data for each sampling location for generation of the kml file required 151	

for graphical representation of migration patterns were performed with SPREAD 152	

(www.kuleuven.be/aidslab/phylogeography/SPREAD.html) software 38, and Google Maps 153	

(https://mapstyle.withgoogle.com). BF values of 3-20 indicate positive evidence, but BF of 20–150 and 154	

>150 indicate strong and very strong evidence, respectively 38,39. In order to reduce false positives 155	

migration correlations between MAYV isolates, as these may impact future prevention strategies, only 156	

migration rates with BF>10 according to the BSSVS, were used for final graphical interpretation. As a 157	

uniform sampling scheme for sequencing was difficult and proportionality of sequence number to 158	

prevalence unknown or uncertain for different locations, linear regression analysis was used to determine 159	

the influence of potential sampling bias on migration rate estimates. Log2 transformation of migration rates 160	

between locations (asymmetric) and donor and recipient location sequence sample sizes were used to 161	

determine the R2 value of association (Figure S6). An accessibility map indicating the estimated travel 162	

time (using land road/off road or water navigable river, lake and ocean) in minutes, hours and days to the 163	

nearest city of 50,000 or more people (year 2000), was obtained from the ArcGIS database 164	

(https://www.arcgis.com) and based on a previously published and available dataset 165	

(https://tiles.arcgis.com/tiles/P8Cok4qAP1sTVE59/arcgis/rest/services/Accessibility_Travel_time_to_Major166	

_Cities/MapServer) 40. Additional graphical representation of Haitian earthquake refugee flux to Brazil (and 167	

Peru) and Brazilian personnel contribution to the United Nations Stabilization Mission In Haiti 168	

(MINUSTAH) following the 2010 earthquake in Haiti were recreated manually based on previously 169	

published data 41-43.  170	

  171	
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SUPPLEMENTARY TABLES 278	

Table S1. MAYV isolate information. 279	

 280	

 281	

 282	

 283	

 284	

 285	

 286	

 287	

 288	

 289	

 290	

 291	

 292	

 293	

 294	

 295	

GenBank 
accession 

number 
GenBank ID Internal 

ID Geographical location Source Year 

KX496990 Haiti-1/2015 HAITI15 Haiti Homo sapiens 2015 
KT754168 BeAr20290 1BR60 Pará, Brazil Haemagogus spp. 1960 
KT818520 BR/SJRP/LPV01/2015 2BR14 São Paulo Brazil Homo sapiens 2014 
KP842820 BeAr30853 3BR61 Pará, Brazil Ixodes spp. 1961 
KP842819 BeH256 4BR55 Pará, Brazil Homo sapiens 1955 

KP842818 BeAr505411 5BR91 Pará, Brazil Haemagogus 
janthinomys 1991 

KP842817 FVB0069 6BO06 Bolivia  Homo sapiens 2006 
KP842816 FPI0179 7PE11 Iquitos, Peru Homo sapiens 2011 
KP842815 FPI1761 8PE11 Iquitos, Peru Homo sapiens 2011 
KP842814 FVB0112 9BO06 Bolivia  Homo sapiens 2006 
KP842813 FPY0046 10PE11 Yurimaguas, Peru Homo sapiens 2011 
KP842812 FMD3213 11PE10 Puerto Maldonado, Peru Homo sapiens 2010 
KP842811 FMD0641 12PE05 Puerto Maldonado, Peru Homo sapiens 2005 

KP842810 TRVL15537 13TT57 Trinidad and Tobago Haemagogus 
janthinomys 1957 

KP842809 BeH186258 14BR70 Brazil  Homo sapiens 1970 
KP842808 IQU3056 15PE00 Loreto, Peru Homo sapiens 2000 
KP842807 Ohio 16PE95 Loreto, Peru Homo sapiens 1995 
KP842806 FSB1131 17BO06 Bolivia Homo sapiens 2006 
KP842805 FSB0319 18BO02 Bolivia Homo sapiens 2002 
KP842804 BeAn337622 19BR78 Pará, Brazil Non-human primate 1978 
KP842803 BeH343148 20BR78 Pará, Brazil Homo sapiens 1978 
KP842802 BeAn343102 21BR78 Pará, Brazil Non-human primate 1978 
KP842801 IQE2777 22PE06 Loreto, Peru Homo sapiens 2006 
KP842800 ARV0565 23PE95 San Martin, Peru Homo sapiens 1995 

KP842799 MAYV15A 24VE10 La Estación Portuguesa, 
Venezuela Homo sapiens 2010 

KP842798 MAYV14A 25VE10 La Estación Portuguesa, 
Venezuela Homo sapiens 2010 

KP842797 MAYV13A 26VE10 La Estación Portuguesa, 
Venezuela Homo sapiens 2010 

KP842796 MAYV12A 27VE10 La Estación Portuguesa, 
Venezuela Homo sapiens 2010 

KP842795 MAYV11A 28VE10 La Estación Portuguesa, 
Venezuela Homo sapiens 2010 

KP842794 MAYV16A 29VE10 La Estación Portuguesa, 
Venezuela Homo sapiens 2010 

KM400591 Acre27 30BR04 Acre, Brazil Homo sapiens 2004 
KJ013266 BNI-1 31GF13 French Guiana Homo sapiens 2013 
DQ001069 MAYLC 35GF99 French Guiana Homo sapiens 1999 
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Table S2. Mayaro virus genome-wide phylogenetic resolution analysis and best-fit model chosen 296	

according to Bayesian Information (BIC) 297	

aconcatenated genomic fragments resulting from the first recombination event . bgenomic fragment 298	

resulting from the second recombination event. cconcatenated non-recombinant fragments of the genome 299	

 300	

Table S3. Bayes factor (BF) comparison of nested molecular clock and Bayesian demographic models. 301	

The natural logarithm of the BF was used for comparison of the strict (SC) and uncorrelated relaxed 302	

lognormal (UCLN) molecular clock models and the constant and non-parametric Bayesian skyline plot 303	

(BSP) and skygrid (BSG) demographic models within BEAST 1.8.3. 304	

 
SC 

Constant 

UCLN 
Constan

t 

SC  
BSP 

UCLN 
BSP 

SC  
BSG 

UCLN 
BSG  

SC 
Constant  -261.254 4.482 - 79.276 - 

Path 
sampling 

UCLN 
Constant -262.142  - 5.692 - 55.111 

SC  
BSP 4.074 -  -260.044 74.794 - 

UCLN 
BSP - 6.260 -259.956  - 59.106 

SC  
BSG 78.915 - 74.841 -  -279.727 

UCLN 
BSG - 65.366 - 59.106 -275.692  

 Stepping stone sampling  

Gene or region 

Constant 
sites 

(%) 

Parsimony 
informative 

sites (%) 

Phylogenetic noise 
(%) 

Evolutionary 
model 

Full genome 77.7 16.2 3.3 GTR+G 
NSP1 81.5 13.6 12.5 TN93+G 
NSP2 77.2 16.6 5.0 TN93+G 
NSP3 74.9 19.6 10.0 K2+G 
NSP4 78.0 16.6 14.8 K2+G 
CP 80.9 14.9 20.8 TN93+G 
E3 77.8 18.2 22.6 K2+G 
E2 76.9 1.7 6.2 K2+G 
E1 73.6 19.6 18.1 K2+G 
D1+D2a 80.5 11.3 51.7 K2P+G4 
D3b 84.6 11.0 25.2 TIM2e+G4 
L1s+L1lc 77.1 16.8 2.9 GTR+G4 
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Table S4. Bayesian TMRCAs estimates according to different demographic models. The TMRCA best 305	

fitting the data is given in bold. 306	

 307	

 308	

 309	

 310	

 311	

aNode A corresponds to common ancestor node of recombinant sequences, Node B to ancestor node of 312	

3BR61, and Bode C to ancestor node of 30BR04.  313	

Table S5. Bayes Factor (BF) values and directionality of inferred MAYV migration rates 314	

BFa Country of origin Country of destination 

235  Bolivia   Puerto Maldonado, Peru  
46  French Guiana  Pará, Brazil  
46  Loreto, Peru   Yurimaguas, Peru  
43  Loreto, Peru   La Estación Portuguesa, Venezuela  
31  Loreto, Peru   Iquitos, Peru  
29  Loreto, Peru   San Martin, Peru  
17  French Guiana    Loreto, Peru  
16  Loreto, Peru   Bolivia  
15  São Paulo, Brazil   Haiti  
15  Bolivia   Acre, Brazil  
14  Pará, Brazil   São Paulo, Brazil  
13  Haiti   São Paulo, Brazil  
12  Pará, Brazil   Haiti  
9  Trinidad and Tobago   Brazil  
6  Brazil   Trinidad and Tobago  
6  Loreto, Peru   Acre, Brazil  
6  Trinidad and Tobago   French Guiana  
5  Brazil    French Guiana  
5  Acre, Brazil   Bolivia  
5  Puerto Maldonado, Peru   Trinidad and Tobago  
4  Puerto Maldonado, Peru   Brazil 
4  Puerto Maldonado, Peru   French Guiana  
3  Loreto, Peru   French Guiana  
3  French Guiana   Trinidad and Tobago  

Clock 
Model 

Coalescent 
Prior 

TMRCAsa 
Node A Node B Node C 

Strict Const 2007.8 
(2002.2-2012.1) 

1947.4 
(1939-1953.8) 

1948.9 
(1924.7-1967.2) 

Strict Skyline 2008.7 
(2004.3-2012.5) 

1947.5 
(1938.7-1953.7) 

1948.3 
(1922.4-1967.4) 

Strict Skygrid 2007.6 
(2001.7-2012.2) 

1946.8 
(1937-1953.6) 

1945.9 
(1919-1967.1) 
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aBF ranging from 3-20 was indicative of evidence of a non-zero transition (migration) rate between 315	

locations, 20-150 indicative of strong evidence, and >150 indicative of very strong evidence.   316	
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SUPPLEMENTARY FIGURES 317	

Figure S1 318	

 319	

Figure S1. Network graphical modeling test to assess recombination. Network graphs were 320	

generated in SplitsTree based on (A) all MAYV strains which full genome sequence is available, (B) 321	

dataset without 2RB14 strain, (C) dataset without HAITI15 strain, and (D) dataset without 2RB14 and 322	

HAITI15 strains. The p values of Phi test of recombination for each combination of dataset are reported in 323	

each panel (p < 0.05 indicate significance evidence of recombination). 324	

 325	

  326	
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Figure S2 327	

 328	

Figure S2. Characterization of the recombination events in MAYV genome. (A) Schematic 329	

representation of MAYV genome (blue), non-structural genes (blue) and structural genes (pink). Dotted 330	

blue and red lines indicate the breakpoints. (B) Bootscan recombination plot of the genome of HAITI15 331	

against the genomes of 2BR14 (major parental sequence) in yellow, 3BR61 (major parental sequence of 332	

2BR14) in green and 30BR14 (minor parental sequence) in red representing the recombinant regions. 333	

RDP recombination plot for the (C) first recombination event and for the (D) second recombination event.  334	

 335	

  336	
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Figure S3 337	

 338	

Figure S3. MAYV nsP1 genealogy depicting amino acid changes for sites under episodic 339	

diversifying selection. Six nsP1 sites were identified using MEME as experiencing episodic diversifying 340	

selection (EDS). Branches corresponding to amino acid changes in these sites were determined using 341	

parsimonious ancestral state reconstruction using Mesquite and mapped onto the nsP1 maximum 342	

likelihood tree. Amino acid position is given as colored boxes in the left of the figure. The color of each 343	

residue box corresponds with the color of the branch experiencing EDS. 344	

 345	

 346	

  347	
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Figure S4 348	

 349	

Figure S4. Visualization of co-evolving sites in the recombinant nsP1 gene. Co-evolution between 350	

sites in the recombinant nsP1 gene was inferred from substitutions occurring along single branches within 351	

the fixed maximum likelihood ML tree topology using the Bayesian graphical model implemented in the 352	

datamonkey webserver (http://datamonkey.org/). Pairs of co-evolving sites were mapped to branches in 353	

the tree and in the schematic representation of the gene for each genotype. Synonymous substitutions are 354	

given in blue, non-synonymous substitutions in orange. Branches are colored as follows: branches leading 355	

to genotype D in gray, specifically branches with co-evolving sites within genotype D are highlighted in 356	

black; branches leading to genotype N in green; branches leading to genotypes L/D and L in dark violet 357	

(‘recombinant branch 1’); branches leading to HAITI15 strain in light violet; branches leading to genotype 358	

L/D 2BR14 and L strain in purple (‘recombinant branch 2’); branches leading to 2BR14 strain in light 359	

purple; branches leading to genotype L in maroon. 360	

 361	

 362	
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Figure S5 363	

 364	

Figure S5. Regression analysis of temporal resolution of MAYV sequence datasets. The plots 365	

represent linear regression of root-to-tip genetic distance within the ML phylogeny against sampling time 366	

for each taxa. Temporal resolution was assessed using the slope of the regression, with positive slope 367	

indicating sufficient temporal signal for (A) non-recombinant fragments, and recombinant fragments from 368	

the (B) first and (C) second recombination events. Correlation coefficient “r” are reported for each genomic 369	

fragment. 370	

  371	
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Figure S6 372	

 373	

Figure S6.  Impact of sequence sample size on inferred migration rates. Linear regression analysis 374	

showing correlation between MAYV sequence sample size (strains by location) and location migration 375	

rates (BSSV values). Donor locations are showed in blue, while locations recipient in red. 376	

 377	

  378	
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Figure S7 379	

 380	

Figure S7. Substitution saturation in MAYV sequence datasets. Scatter plots of pairwise nucleotide 381	

transition (s) and transversion (v) substitutions against the Tamura and Nei 1993 (TN93) genetic distance 382	

were generated within DAMBE v5 for (A) full-genome, (B) non-recombinant fragments, and recombinant 383	

fragments from the (C) first and (D) second recombination events. 384	


